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THE FGDSHIF'I' kh'D ABSORPTION-LINE SPECTiiUM OF' Pi(s 0237-23 

Bolton has iden t i f i ed  a new rad io  source, PKS 0237-23, measured a t  

Parkes, with a s t e l l a r  object,  and spec t ra  obtained by A r p  and Kinrrin, 

together  with photometry, showed d e f i n i t e l y  t h a t  the  source w a s  a quasi- 

s t e l l a r  object;  the  emission l i n e s  gave a large r edsh i f t  (AD, Bolton, and 

K i m n  1967). 

The s t r i k i n g  fea ture  of the o p t i c a l  r ad ia t ion  from PKS 0237-23, apa r t  

from i t s  large r edsh i f t ,  is t h a t  it has a considerable nmber  of absorption 

3 

., l i c e s  i n  the  blue and u l t r av io l e t ,  reminiscent of 3C 191, t he  f i rs t  &SO i n  

which a number of' absorption l i n e s  were found (Burbidge, Lynds, and Burbidge 

1966; Stockton and Lynds 1966). The wavelengths of these l i nes ,  measured on 

Am's p l a t e  taken e t  Palomar; a r e  given by Arp, Bolton, and Kinman, together  

with the  iden t i f i ca t ions  t h a t  they have adopted. Since these  iden t i f i ca t ions  

seen t o  pose some problem, it seems appropriate t o  discuss  the  question from 

a d i f f e ren t  po in t  of view. 

A s p e c t r r a  was obtained on baked IIa-0 gmulsion with the  conventional 

?rin?e--r'o; 3 s?ee-aoSz-agh on the Lick 120-inch telescope, with the  camera- 

;L 1. In Table 1 is  give:; a lis: o f  the absorpt ion-l ine wavelengths 

is ,-d from this F l a x .  CoxAzrison with the  l i s T  o l  Arp, Bolton; and 
209 W L I O d  A l l l l 1 V . 1  

- 1 -  



. .  
l 

I 

f r o a  the  ground l e v e l  of  ions of  t he  comon l i g h t  elements C ,  N, S i ,  and 

. S  i n  ion iza t ion  s tages  requir ing p o t e n t i a l s  up t o  77 ev ( f o r  N v) .  The 

c b ~ ~ o  exce2tions were aSsorptions from low-lying metastable l e v e l s .  Tne 

l i n e s  were thus what; one would expect t o  be produced i n  a t h i n  s h e l l  

a3sor '~ing d i l u t e  u l t r a v i o l e t  rad ia t ion ,  the  s h e l l  having a s i m i l a r  com- 

pos i t i on  t o  t h a t  of  t he  region of t h e  ($30 producing the  emission l i n e s .  

Tae s t ronges t  absorption l i n e s  had also been seen i n  t h e  rocket u l t r a v i o l e t  

spec t r a  of  0 and B stars (Morton and Sp i t ze r  1966; Morton 1966) and of the 

SL? (Johnson, Xal i tson,  Purce l l ,  and Tousey 1958). The only s l i g h t l y  

puzzling fea ture  i n  3C 191 was the weakress of t h e  Ly-a absorption l i n e ,  

t o g e t k r  w i t h  S i  I1 l i n e s  of about t h e  same i n t e n s i t y .  Tne ion iza t ion  

+ 
p o t e n t i a l  of 8 i s  13.54 ev and t h a t  of S i  

k-zAre such as t o  cause I1 t o  be highly ionized, it was su rp r i s ing  t h a t  

v i r t u a l l y  a l l  t he  S i  should not have been converted t o  Si . This r a i s e d  

the p o s s t b l l i t y  toabe kept in  mind, that  H might be i n  lower than noma1 

~ ib - i~nda~ce .  

i s  16.27 ev;. i f  the  condi t ions 

+. ++ 

. .  

I n  3C 191, the a b o r p t i o n  l i n e s  give a r e d s h i f t  very close t o  t h a t  

given by t h e  emission l i n e s .  In  Fi(s 0237-23, t h e  first th ing  t h a t  s t r i k e s  
0 

'the eye is  t h e  p a i r  of s t rong  absorption l i n e s  a t  4116 and 4141 A. 

zre qu i t e  c lose t o  the  S i  IV l i n e s  i n  3C 191, with rest wavelengths .1393.8 
0 0 

and 1Q2.8 A, which a2peared a t  4109 and 4135 A i n  3C 191. 

~ u c h  s t ronger ,  however, and t h e  r edsh i r t  they  would give, 1.9525, very 

c lose  t o  zhzt 02 3C 191, would d i f f e r  considerably fro= t h e  emission-line 

Tnese 

They a re  ve ry  

-p7,sp = 2- 0;' 2 . 2 ~ k .  AI atten$ t o  fit the l i n e s  with i d e c t i f i c a t i o c s  a t  a 

* ...* "t o' aboGt 1.95 is  shom i n  Table 1.. Lines corrzsponding t o  m- 

~ ~ e p - ~  3.. ,,ed a-morption l i n e s  near that wavelength i n  3C 191 are zarked "191". 

3 e  . r e l a t i v e  i n t e n s i t i e s  would be d i f f e x n t  from those i n  3C 191, and t h e  
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weakness o f  C I1 and C IV would be hard t o  understand. 
! -t  ~ 

,S* 
rtr I 
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Alternat ively,  one can look fo r  i den t i f i ca t ions  a t  a r e d s h i f t  c lose 

t o  the emission-line r edsh i f t ,  and t h i s  is the  viewpoint taken by A q ,  

Bolton, and Kinmn. Here a l so ,  the complete absence of C I1 A1335 and 

C IV A1549 i s  s t r i k i n g  and could only be explained by t h e i r  i n t e rp re t a t ion ,  

t h a t  the  region producing the absorption l i n e s  is highly d e f i c i e n t  i n  carbon. 
1 

$* 
I 

The two s t ronges t  l i n e s ,  hh4116 and 4141, were iden t i f i ed  by them with T i  111. * 

Tne two mul t ip le t s  i n  question, a 3 3  F-z Do and a3F-z3? (Moore 1950), contaln 

the s t rong l i n e s  1298.67, 1298.95, 1298.67, 1294.67, 1295.91; 1286.38, 1289.32, 

1291.64, 1293.26, 1294.67 i, which break i n t o  three  groups a t  mean wavelengths 

1298.75, 1294.30, and 1287.64 1 o r  e l s e  one narrow l i n e  a t  1298.75 A and one 

very broad, s t rong  one centered a t  1292.4 A. 

p o s s i b i l i t i e s  with the  two s t rong observed l i n e s ,  of which the  s h o r t e r  trave- 

0 

0 
It is diff;c"ult t o  f i t  these 

length one is c e r t a i n l y  not broader than the  o ther .  

One p o s s i b i l i t y  is t h a t  the two s t rong  l i n e s  have a r e d s h i f t  very 

d i f f e r e n t  from the  rest, as, fo r  example, i f  t h e y  were produced i n  i n t e r -  

g a l a c t i c  gas i n  a c l u s t e r  as  suggested by Bahcall  and Sa lpe te r  (1966). A 

search through t h e i r  l i s t ,  Osterbrock's (1963) l i s t ,  and the  mul t ip l e t  t ab l e s  

reveals one s t rong  mul t ip le t  with the  r i g h t  spacing: S i  I1 ~ ~ 1 8 1 6 . 9 ,  1808.0, 

and 1817.4, which would combine t o  two l i n e s  and, i f  they were t h e  co r rec t  

i den t i f i ca t ion ,  would give redshi f t s  z = 1.2767 and 1.2789. 

l i n e s  a t  t h i s  r edsh i f t ,  C IV A1549 would be a t  3529 

6373 A. 

t he  t r e s s i t i o n  from the J = 3 l eve l ,  i . e .  11838.0, i n  i n t e r g a l a c t i c  gas, so 

O f  o ther  s t rong 

and Mg I1 12798 a t  
0 

Iiowever, according t o  Sahca l l  and Salpeter ,  one would expect only 

t h i s  i n t e rp re t a t ion  seem unlikely.  
0 

'inere seems t o  be no iden t i f i ca t ion  f o r  the  l i n e s  a t  3865 and 3851 A 

et a r zdsh i f t  of 1.95. ?ossibly the  l a t t e r  might be Ly-cr a t  the  r e d s h i f t  

riear t h a t  of t h e  emission l ine,  as suggested by Arp, Bolton, and Kinnan. 



A search f o r  s e t s  of l i n e s  with d i f f e r ing  r edsh i f t s  c lose t o  z E 2, such as 

might be produced by a s e r i e s  o f  expanding s h e l l s ,  has not proved f r u i t f u l .  

The problem of iden t i f i ca t ions  has been discussed here purely from the 

poin t  of view of normal spectroscopy, and it i s  seen t h a t  none of the  possi-  

b i l i t i e s  discussed is sa t i s f ac to ry .  However, it has been shown (Burbidge 

1967) t h a t  there  a re  severa l  l i nes  i n  PKS 0237-23 which l i e  very close i n  

wavelength t o  l i n e s  i n  3C 191, and, using the  r e s t  wavelengths of those 

which are iden t i f i ed  i n  3C 191, we obtain an absorpt ion-l ine r edsh i f t  which 

is  almost exac t ly  t h a t  of 3C 191. 

which have absorption l i n e s  a l s o  show f o r  these l i n e s  a c lose ly  s imi l a r  red- 

Moreover the other  &SO'S with z > 1.9 

s h i f t .  Thus, despi te  the puzzling fea tures  i n  PKS 0237-23, it may be reason- 

ab le  t o  conclude t h a t  the object  has an absorpt ion-l ine r edsh i f t  of 1.95. 

I wish t o  thank Drs. Arp and Kinman f o r  discussing t h e i r  spec t ra  and 

f o r  showing me t h e i r  l i s t  of  absorption-line iden t i f i ca t ions  ahead of 

publ ica t ion .  This work has been supported i n  p a r t  by the RSF and i n  p a r t  

by WSA through grant KsG-357. 

Universi ty  of Cal i fornia ,  San Diego 

Decercber 2, 1966 

E. M. BURB IDGE 
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Table 1 

Ai3SOWTiON LIiiBS 

x One Possible 

Ik s c r i p t  ion ):e as u r e  I d e n t i f i c a t i o n  z 
. o  

1. S i i g h t l y  broad * 3444.9 

A 

2. Sarrow, weak 3460.7 

3439.9 
t o  3528.7 

3- l*!iti; m i n  peak a t  < 3515.7 

( 
Cozi2lex 2 - z -  

I 
4- 2'airly narrow 3591.4 

5. Sl'-h' A+AJy broad, s t r o n g  3719.4 

6. Y-- 1 G- row 3839.3 

7. Fai r ly  narrow 3865 - 5 

8. aalrly s t r o n g  3890.7 

9. ?z l r ly  kyak 3933.5 

10 . :.:e 6 3951 8 

11. Slig ' r t iy  broad, weak 3971 ' 5 

~ 12. ;3,"r3EC., s t r o n g  4023.9 

4115.6 

4140.8 

4266.6 

4285.8 

4301.3 

., 4572.0 

4595.9 

G12.8 

si 11 h1194.1 1.9442 

L Y - ~  11215.7 1.9542 

Si 11 1120'3.4 1.9440 

(01 h1304.4) (1 9433) 

C I1 X1335.3 . 1 9457 

S i  N h1402.8 1.9518 



Table 2 

ENISSION LlXZ,S 

h 

Observed 

(1 1 
Iden t i f i ca t ion  Z 

3919 8 

4513 7 . .  
S i  N 
S i  IV. 
O W ] .  ' 

. .  
Me an : 

FIGURE CAPTION 

1215.7 2.2243 

Fig. 1 S,ectrdmd' P G  0237z23, with ttro eLiission l i n e s  marked, 

a l s o  most of  the  absorption l i n e s  in Table 1, The lob-r 

a s t r ip  of  s p e c t r m  is a d i f f e ren t  con t r a s t  p r i n t  t o  show 

2.2211 

l ines  in  weak u l t r a v i o l e t  region, 


